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The tesk ol obtilning large amounts of csllulaex blomass zas
:‘ac.en“l:i taken on orizeyy si.g:\i.f‘.cance in sornection with tds ine-
Tonsive introduction of the tissuo cvlture =—sthod iInto 3racdico

<n 3 wide cirelo of biologlesl 1_.'5-'-* sttions, Tae most ¢ffective
..at..od for tkhe rcoduction of cell c""tu.res is tas nethod of sus-
sonced cx..ltivatia:'., wiah from a 'arod::ctic.n doirt of view has a
rashor of essentis) advontages in comzarison with ks widely usod
=sthod of fixed nonolayer cultivatlon.
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The suceocssiuvl zastering of the method of auzpm,ad. qultl '::tion

of ¢ells dapands or & number of fastors arong uhisk axn i

rlo is plqtd by the verfection of the tecknical guaxuntee of the
=sthod,

4t tha Institute of Viroloyy imeni D. I. Ivenowvakogo AN USSR
>k vas carried out on the develommuant of a coxplex of equinmont
taish i3 required foo mccripg of the suspencded cultivation of

ooll: in ocaformity itk the conditions 2t an imdustrial cultiva-
lon ladarstory. (»

'

An aaalysis of the aaa\.i. tcant nethoiicel, technologicel, u:d
equizment varisnts for sbivi ths tack of su,oadod cultivation
cskes 1% possible te divide them into tvo xmelin t*rpes - con’-:.mm
:rstenms and nancoatinucus. &‘m..y the so~¢czlled spinze> =sthods ol
caitivatlian are belxng W: o2 here. Tze greatest praciicsl
..::"ore..t from the point o visw of ireductive caracity, simplicity

ttondancc. end sconenmy brlongs L9 sontinvous zatzccs ol oculti-
""t.ion using unintorraptec o> *",.:m-tn.:c:: LnpET o.. nus>lent =sdliun

et W

vith the si=plituncous varvoedlsd of the s.==6 2zoux T zuc;enslione.

ln recont years abroxi o cdasideruble cunber of ““*‘o"' =041~
:i:a loas of coctimcus :;*:.ce:x: zave ‘*ec'\ su ~-":ec‘. [ . ir the
jc:‘itj of cases oase h.ve oo “‘@i:-cw. ciffeences in the
Teehaol ogy of tbe c..;.;;‘-..atf.c* orocoss and cquipzent docign. N

"bu =iz nesitlez Lo srobadbly cosupliec bF the erviogexcrator

which wus .onezed oy Srof? and .klarsy iz 187 fZ7. Tils ocouples
o oanteanodliate "cs‘_:ic.n botTeon azicinucus tnd NorcontimMrous
STStONS. ‘..‘ The erytogvneretor tur cIntimicus eeTtl of nutriont

- :.‘.;s...: 12 sesiized with Lo use of Jorcus =exbrengs Tltaout the
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oo .t Contimous systems based on the zninsi:

S / DLIOSLSAe O Lrnoarins Lo L
‘copditions for the develoameny o tas Juiiturs muy Lo SeiEn Lo
JArto two types: lst - systons utilizing tee mrime! le oI e ;
Fchemostat,” mroposed in 1950 by j—‘-:r.od.z-g and &t The Simo i
by-Novick and Szillerd /57; 206 - systsms utilising the prlscizle
of the:"turbidostat,® propossé hy iyers and Ciark /37 iz 1944,
In¥systems:of the lst type toe conditloms fo> stadblilzation of thy
divelopment of the culture ars encured by the use o2 nmutriezS media
with - limited rsserve of certain viably important motabollitas
whick .restreins the multiplication of the cells. Witk the addition
of . fresh medimz and the simmltaneocus runoff df suspersion 3ts con-
centration.is-rednced. This agein improves the ccnditions for the
developmint of the culture, I systems of the 2nd type the densilty
.o the cell suspension is used as the regulating fmctor. The con-
timous indicetilcr of the dynamics of changss in the censity of tes
cell poznlation Xases it possible to rezlize the avsomatic reguia-
tion of the rate of sap;lying fresh mutrient mediuc with the sinal-
. tanecus removal o the cormesponding amount of suspensiane.

?*‘m Trincinle of the “turbidostat" is the rost promising for
the ‘productica of large aantities of cell cultures. It ensures
ths maximm steady rets of mltiplication with +h¢ minim:n dumation
- of. & gensraticn (besed om ths data of Telling at al,. on an oxcer
of ;14-15 hours). a stable density of cell o tion,
m 2.5 x 10° calls/ml. :

| .0 In talkdng up the problen of developing equizment for the sus-
pended cultivation of cells the problem arises of salecting the
zost optimr variation for realization of ihe system. In cornforzity

- with'the stipulasions of the Instituts of Virology imeni D. I.

. -AMN USSR, and also of & mmber of othsr related iasti-~
tutes; it is possible to formlate the basic rol requiraments
wich should be fxposed on tos systenm: 1) versality of tis

- gystam in the sense of the feasibility of using it not only fer

indrgtrial purposes but also in exper work by virclogists,
"eytologista, and biochemists: £) reliabllity ir operwticn and
s ity of msintenance; 3) poasibility of woriing with small

voluxss of suspensions; ¢) ocoperetively low cost, Considering
these corditions, and also the outlook for mestering the new mathod
‘without preliminary experisnce, it is more preferadie to consiruct
a Bods) of a systen for suspendsd cultivetion based on the noncon-
t4mmos type, which campletely satifias the Tequirements ubich wee
set. I ..

R :

.:> -The basic scheme of the unit for =uspenced oultivation is °
:hn{n in Pigure 1. ) ‘ g

TRy ‘ .

F The culture vessels (1) with floating vans magnetiio nixars
are’ set up oo an incnstrially jroduced magnetic drive. The vessels
are’equizyped with airtight 1ids vith conneoting pleces for the
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IxCiux and taiiec?T ol tze cir mIixture whiszh is used for ‘.::;e a-::.:i-ﬂ

¢ the cultuds ad a sife Iox Zusding ..:'e_,.: 2uerient =eciux ixmto
tuc vessel. The nuziter of ovelutlions of the -otating =2gnet and
consaquently the muzbey of »avolaticns of tas I3 loatling nixer are
segulited by an autotransiormer (7)o The ste*...le >ecove~y ¢l cecll
cusaemsion is carrfed out with tze help of stopsocks which ere lo-
cated in the lover osert of the vessels., IFoesh nutrient mediun is
conteined in vossel (5) and wran Jeceszary is is fed Tto the culture
vessals with ths hols of stoscocks {13). Tubes made of silicon
abber serve as connec":.ns elczents satusen vessel (5) and the
culiure vessels.

Tae eeratlon systexn contsins & icrozu=p (4), snsu~ing the
Junping of ths grseous :i:::tura througk the culiurs ve:sel:, 8
fixing tank {3), and o COp analyzer unit (2). Ius re & con-
»e“tr" vion of uGg in the gesevus mixture walichk is circulati

through the aseraticn systexn ic controlled Ly zcasuring cev:.ces
-.::" sutcmatic eguipment. If the COp concortration deviates to
¢23 slds or tho ciber from the assigned value eltlsr alr frox 2
coupressor (ll) or CCo from 2 t&mzﬁ) is sutometically fed in,
D26 portlon of the recuired somponert of the gaseous nixture Iis
.zgq nindto).a.e 20ration systen with the hslip of mognetic valves
9).

Fo> establishing the requived expenuiture of COp 2 ..icro:e-
dacer (14) is used. it is cannacted undermeath to f..eu

outlet of an oxcingry reducer for carbon dlaxide with mim.
arassure oa the "lov” side of 5 atm. Tha rate of COp sudrly is
controilaed with the 28l of the rhecneter {1S5). 44> sterill

is ensured witkh s szerilization filtor [10). Tze inclusi:n

a simfjar ZI1ter irn thae line of supply of COg Surned out to de
UZNeces s&ry, siroe heaxe the conditlons of ste>ility sre ensured
by the use of simple cotton filters (.9).

The cultuve vessel Is a glass cylinder witk & flet bottam
Jzich is =sds Iron mlybdnm lass, Wolded to the lower part
of ta» vossel is a ’itting with a sestlon cortaizing the tap for
recovery cf cel) suspersion, 4 very imortant elemsnt of the
colture vessel is the systen for mixing the ocell asuspension,

e cesigned an original floating vane mixer: which ir kept
L2 rotation by a standard tic drive. It as a0 radbding
zsokanical soxtacts in the quid, doss rot require airtight
transfor bu.rings, pe>Ioxs very effactive nmixing tharks to thas

véaes, and Las 2 kigh dagrees ol reliability durirg pro_onged
uninterupted operetion.

1./ L. X. ¥{chin and others, Iaventor!s certificate =\ 175039,
tad 17 Apr 1963.
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-3 » Min f2ox sheet of & urit for suspendsa cultivatZion of cell:.
I tire vessels; 2 -~ CO, anmalyzer unit; 3 - mixing teans; 4 -~ i~
“eropa=p; S5 - vessel with ru modiu=; 6 - ¢-ive fo- mznctic
xaxr; 7 - sutotrarsZaroer for ragalating the muxber of —evaluti:ns
OG0 mixer; 8 - valve foo supyly of CO,; 9 - vaive for supply of
alrs 10 - sir ste-dilizetian £ilter; 11 - ai~ comproeasos; 12 - tack
with cacban diaxica; 13 ~ ressure reducer;: 14 - 2Acrovalve;
18 - sawter; 16 ~ stopcock for feeding melior to cultu~e versals;
A7 ~ stopcock Zor alr bypass of analyzer unit; 13 - stopcock for
Iuitching tos flou of CO, for measu—eaent; 19 - alr 221ter;
20'~ cross ocorreotion; - T-~connaction.

torts dota: TIta tarainology used fa- Jos. 14 axd 9 In

toxt aa2 in te diagtam éo rot ceaform./

The schamatic arrangement o tcs =ixe- anl 2t locction in
tts cnltz—e vessel ase saotm In Tig. 1. A ferroxagaetic rod, cos-~
rected by - magootio field wits toe Jotating mmpgretic d-ive, 1o
inclazec in a gloss tube vhich 2« yeldea to toe _oTer pi-t of tre
ap:orical float. Jelded %0 the updper pest of the [loat is a glass
tube baaring th4 vanss. s tioe ends in & Teflob~lixo pearirg
witn & rTeverse cone, wit: whi’cl toe =izes -ests agiirst t-oe coalcal
Teflon-11ko zc-aw Ix the 1id ol the rcssel.

Lo "k volupe of Tos float £ad toe velzht of tte xixer ae calcu-
.lated 30 tact the cas-7Ing capacily is 1)-.8 g z-oater t-an tra
“atiract.ve foarce of tce lerrcmagmetic -id To te r2zaetic drive.
:Ths wvosking dZstance betcean tee bLotionm of toe vessel ani tos

. Tecromgaetic ~od is 3-8 mu,

4.




The minfwun worxing volitp oo
liguid Is linited by tae level at

TN e wzich she flczt s st31l cemalctely

of the bladas skhould be such thas
- éuring rototion the meaction of
. E ' : sressure of the licuid on the vaxnes
‘ Sl ! is directec uoweras In ordor o
Vo | 2veid tac sancration of the mixer
RN Drom zs taaring ot 2 sufficiently

. —— J .
TN subzorged in the liouid, Tza turr
|

: oot aizh nuxber of revolutions. %hs
I S L, - use of Tellonelike conical bearings
: RS IR I orsures nipnlmum £») ‘on and a
- A% H very high dsgres of . ‘r-resisiance.
- " ‘ . ‘14
: "'{ B 'L ' Duxing operction o ths mixers
: LT | v .Tor several thousand hours ot rota-
: g T P tior mtes of 120-150 rpn no visiple
'. e 31 ) traces of wear were dstected. Ths
' T e s paximpn rumber of revoluitioncs at
S T ——— which the work of the mixer Tems
T = stabie is 400-450 rum. :
Jige 2. Culture vessel with Tilgure £ chows the sulture
loatling oixexr, sover, smd veassl in 2 asaemdied farm. &
stopeock for - rucall of olcsad tyoe clirculstion system 1a
Suil suspension. used for sezzation. It ensures the
scentimious and xrotrauted flov of
< aixture of 2ix uwith cerbhon dioxide th tle ovliure vossel

ovor the susface of the liquid. 3Sere the COg Pluys the rals of
stadilizor snd pE regulator Juc 4w medium. When using mat-icnt
zsiie which contain sodiux bicardonate a buffer systexm is Zormed
walch ensures the possibility of varying the ¥ Dy changes in the
coxcentraition of COp in the gessous phase, Othar buffer systoss

cad he used for stablilization of the 33, however &pparently thns ,
crotoz COp ¥ZadC04 L3 proforable simse it not only snsures the :
20331bility of tla comvenlent regulaticn of pE it zlso eztablishes
the contimious entry of coﬂ, wiskh Iis very izpordant for the -
norrishment of cells /B,

Tz> use of a ¢losecd aystem Is expsdisnt f{rom the poliat al view
¢l ccondmy in tie exrpenciture of CO, end alsc the convenience of --
c.anging ita coxcontratiom in the &om& flor in coparison with
sritems Thich use grepared ghsecus mixtures {c aeratlon,

A §as are_yzer Ros doen devolopcd for <:3 coniimous mslsure-
=t 20 ths nexcent of COg in the gaseons flow. 43 e menzitive
¢lezonrt is bas & bridge therfocondrstametric vickup. Toe prelimi-
nury e3tablish-ent of the required comentration of CC, is carried
fat with the help of & regulator oquipped with s scaleBxnich s
wTeluntod in frections of parcent of C0p fro= 1 up $c¢-20 for

Se.




40.25. A *elay sTsten autometically reducec Tae concertoitica
“in the cfrculation systeam tec tha stab“s..ao. value, wltex

A subsecuent deviaticns from te assignsd veine, boih aq Insresse
: &= dg_muo, are lovaled vitz ar accuracy of 0.15:e

& DU

;‘T!hc apalyzer cortaias & tIzs Telay hlcel aller wnriloTx: i=ter~

'_-;;.ms “tarns on tke circuil cottrolling tize -elay cxacutors. The
Mhmon two sTiteking-ors and also tie cmeusnt ol tize Jor
tnp'olutng the requized ggseocus compcaent car be viricd Tithin vide
:a::ac “Pigare.3 shous itre basic eircuii Zo tie maasusing unit

n&,tho-am.hzor

T ke tn-idgo pickup is coareacted uwii:z t=e Insut of the ..:::‘.11‘5.3-

,.p.nd with the mb.l.*.zod POTST suprly of trc ticge bv oecns of »lug

Feomeol Grl. The two groups of Jesistances lpg--Rpg and Byo-—R3g
mcui_;etted:xh:ntstomoo.uan:m tze bridge wiii tio
..’he::p'utnmz.. ths required pa-cantage of CJp fs estaoliszed. b

_{_wﬂncoa R;0 and R servs for t2e Iniilal ectablisrdent of

= mmmwm-mmn COp ix t=s 22> Seirg

- J

x ,_ :
-.‘
T The aignl far dridge urbalancs, comrespoxdi-g to t‘ae iZZererce
;:"bm:nn sctual concantratlon of COp and that regu-Tec, s ‘s coaveriel

. with ths kalp of vikcrepack 3y, i3 arplified vy 3 stsjos ol amplifti-
Sioation,” lnd‘tn-axgh an isal. t.:nnsroc-ner rescnes & d-ace-senci-
Huiﬂ am
’xf < 'i‘hl ].cld foo tp detector includes the winéing ef & pol-rized
b3 mh.y iM, the comtacts of wvhich du—ing operatlon c..c::e the

- Power™ W circrit.of the relay axsculars In the acto—ul.

v-"
R d

’b

. m oponﬁuml vol:np of tra palariced -elay i35 LV, =
:;‘Acmpmdx to t» signal of Hidge unbelarce coused bv a i e
fo.in the ¢.nceantraution of COp by o.., » Pomer suusply 0 S picip

- w2dge is carrisé out fion a stabilizer, usonhlod oz senicoréuctos
W,odusml"‘g—--s. the stadbilizction coelficient ol wiiecr is 20 lez:
t!an

M E’.h- mun.ﬁng device I‘°l alicatas the degrec of trhalianceo af

L, -Xbw unit, and Cevice IPp - tie susply of curmext Zor the ickun.

" The neesurirg un‘t is cammected with ths autoilon unit aal the

.wfpcmn;- spply it whfoh is strectureliy taited with it with the

;.—’ ~haly of plg’ conmctor Gr2. Tts basic cizcuit fo- tre mtc:utioc
“Mwmmt i3 pesented In FPir ¢ 4.

-t g veriodic switcaing on af the elay secutors le Teadllzed
. w:thth.ho_potgcm y uhich is accinpliskted o= t:yratroas
- itk &ctm.'.cathnd.tmm-so (Lplz). The interval betveen 2
& .-swite 43 deternined by the T4 coastant of the grm Slr-
caft Ly {235, 24s Cg)e Xaxrtmuz valos of the intervel Is 5 rmimules.
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S ths ::’.*7:‘; 3l thywosoron L.t 22y F5 Io txiggesed, swivshing
on e eiDgoulit 0 Ulnr LhsIs Taw nd Tiie plas of tie
»oues ..:.,.,:‘_;r o> :"c..-.:.' eritsus <t i saze vizz a

siw ~.-u~.t is szenel wolse z2ori- TesEIVOIr capiiliior . Og
oz id -Uo-

The Iz~ gozctant of gric circuis Ls (2. 52 21+, Cs) detorminel
the duralng ti=s of L3, and cerreczondingly o= size of operatiox
ol tho rely sRscubtors, TRIc cwn ovanry I L oSo £ scoonmds. Fole
loving ke firlzg of Shyratnron I, the »eliy 25 onexctes, opening
tas cireudl of "nod:s SCwox suppl¥ Ly, 2s 2 resuis o inioh tho
cizcullt is mestored to LUz Initliel comditica and tihe »>rotcss of
suiléup o= Cg begins agiin.

ue af the ¢wor su;‘:’v sourss L3 sundllcd o Telays

Py &nd 25 throoga the conticts of polsrizad ~elaF x2-=3. Depené.ing

olaxrity of the siznel of =ickup .J.n‘s..laaco > Talecxr i3 detex~

=incd oy the excass or caficlency of SO, 1o <he g*seoz.s =ixtire

mlc*i\- ..o the ectablished velua, the contacic ol 22-5 close the
Ircult of tie winiing eitzor of -ol 7 2, vita contaetz 2-3 or

mhy Pg t::‘.ta santacts 2-1. is a mesult’el this, dQuxring tte opora-

tion 01‘ te tims reliy the nover suPAly circult ..s completely closeé

oaly foo one of ths relly executors,

Lo

-

L3

1
;

During opsxatlion rclay 2, switcasy on the magretic valye.xrmich
supnides CO, to the asxrction éysten. 2elay Py svitches an 1.6 com-
=>ssso> uh..ﬁ‘_-. subnlies the por:.on o ste*i‘.ized air, If 2t the
rement of opermation of tae tims reiay tie deviition in the porsen-
«&o. COy fro= nominal is less than 0.5 ias contacts of the

zed gelay »enain ozen and tre reln.y ez.acuto>s éo not cperate,

The possibllity is also provided for ths marmual sw‘.c..tng on
of <ths supyly of CO aniurv‘t_t..nhelpctb'.tom.{atn‘
This is peccasary ¢§. ths faitial aetting u3 of the Required
comoentreticn of C:.)2 n.né. al30 Af thare %5 thrs _ooeas ty of tloTving
out the air systom.” A1l the elcmonts of the systen wkich are nac-
essary i thernostatic cory ol are disjosed in & standard thermostat,

Oz tIe first vodic!r; rodel of the sntor:. Jor suspendad culti-
vation a r.:rolansed cnocl. TLS mdn of ths qualifity acd functiormal
canpabilities af tha cQuiraszt, I¢ ves cstabliszed that e oquin-
=ant can operite coatimugcualy fo> a number of xonthe, snsuring the
I»olonges waidntezance of ths required comditions for cultivation.

initial docu=entatlion for tle oc[“mnt was t\n..:mtt@d to the
design »r-sau of USSR aoadem ol leflcal Sciences far desiga pro-
aessing «rd procusticn of & test concignmenti,

Tre autlor vould 1ire to exprass LIt daeed tazaks tc Zrnfoz=a
V. E. Zxdancv foo a..s scientilfic suidapce 1o car-v-'vx,g out tais wark,
to Doctor or «8c o3l Sclences V, I, Cavollov for Z21) ir working
oct ths blalogZcal-engineering requirezenis fa~ tre systex, and to

9




3
te student A. S. dovokaal 2y, and v Senicr Ladoratory 1:::.*_3.-.&.
R. G, Zx=5 y° Tor asiive :xe'.w‘t;1 ipation irn car: ":.:;; out the2 oviologl
sal eroe*.,....e“ wita ths eguipraent 33:.:15 -e ‘.:cd (Getsiled mesuiss or
the bio..o;ic*- ¢x3zarizens rerJsr=ed on seunzzent w1l toe Dube
‘1ished sepz'.:*"te"y).

(b

o The author would also iilte to expross his ihanks %0 coworkars
Kh. he Bedretdinov, I . Nironow, end ¥, I. Slugin from the Lavor-
atory of Bicelecirontos at tne Institute of V.x:cology iment D, X,
Ivanovskoge foxr u.d.ng raxrt in the preparation and edjustoemt of
‘tho equim“t. .
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